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that Is the Real
egative Predictive Value
f a Zero Calcium Score?
n a subanalysis of the CORE64 (Coronary Evaluation Using
ulti-Detector Spiral Computed Tomography Angiography Using
4 Detectors) study, Gottlieb et al. (1) evaluated whether absent
oronary artery calcium (CAC) could exclude obstructive coronary
tenosis in patients referred for conventional coronary angiography.
he reported negative predictive value of 68% strongly suggested that
CAC of 0 did not exclude obstructive disease in this population.
This negative predictive value is strikingly different from that
eported in most trials. For instance, a meta-analysis of 18 studies
y Sarwar et al. (2) showed a negative predictive value of 93%. In
n editorial published in the same issue of the Journal, Redberg (3)
ppropriately hypothesized that this difference may be attributed to
eterogeneity in population characteristics, i.e., pre-test likelihood
f disease. However, the calculated sensitivity, specificity, negative
redictive value, and positive predictive value reported by Gottlieb
t al. (1) are in error. As opposed to previous literature, Gottlieb et
l. defined a negative test result as CAC score 0; but a negative
esult should be the one that suggests no disease. If a negative test
esult was appropriately defined as a zero CAC score, the actual
egative predictive value (number of patients without stenosis
50% divided by the number of patients with zero calcium score)
ould be 81% (58 of 72). The relatively low negative predictive
alue of 81% is understandable because these patients were at
igher cardiovascular risk as they were awaiting conventional
oronary angiography. In fact, it is exactly the same negative
redictive value reported for computed tomography (CT) coronary
ngiography in the CORE64 study (4).
Finally, Gottlieb et al. (1) used the Morise’s clinical probability
core, which was validated in patients referred for stress testing, not
onventional coronary angiography (5). Therefore, pre-test likelihood
ay have been underestimated as the authors indicated that most
atients had intermediate probability of disease. We believe that
alcium scoring is best used as a gatekeeper for noninvasive tests, as we
ave recently demonstrated on rubidium myocardial perfusion
ositron emission tomography/CT (6). Calcium scoring CT will not
e as useful in patients already scheduled for conventional coronary
ngiography because their high pre-test likelihood of disease will not
e significantly altered by the CAC score.
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ero Coronary
alcium and Bayes’ Theorem
e read with interest the article by Gottlieb et al. (1) on the utility of
oronary artery calcium (CAC) for excluding obstructive coronary
rtery disease (CAD) within the CORE64 (Coronary Evaluation
sing Multi-Detector Spiral Computed Tomography Angiography
sing 64 Detectors) study. In this high-risk group of patients
uspected of having obstructive CAD on clinical grounds, a CAC
core of 0 markedly reduces the likelihood of50% stenosis (19% vs.
1% for CAC 10), but not sufficiently to use CAC to definitely
xclude important CAD. The authors rightfully emphasize the high
re-test probability in their symptomatic cohort, and differentiate
heir results from the excellent prognosis seen with CAC  0 in the
symptomatic screening population. We would add that, in accor-
ance with Bayes’ theorem, there likely will never be a test that
onclusively excludes obstructive CAD in symptomatic patients with a
linical picture that warrants invasive angiography.
The accompanying editorial (2) makes much broader conclu-
ions about the utility of CAC, perhaps confusing potential
pplications for CAC testing. In clinical practice, CAC is used
ost commonly as part of global risk stratification in asymptom-
tic patients to guide selection of appropriate pharmacotherapy.
he editorial discusses the use of CAC “to decide who should be
eferred for [coronary angiography],” and attributes to our iJACC
aper (3) on mortality in asymptomatic patients the conclusion
hat “the absence of coronary calcification was a reliable predictor
f the absence of angiographic CAD.”
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August 10, 2010:611–5Guidelines do not support the use of CAC to determine who
eeds angiography. No test should prevent referral for angiography
hat is indicated based on clinical criteria, such as quality and
uration of chest pain and accompanying risk factors. Prior
merican College of Cardiology and American Heart Association
tatements and the recent landmark MESA (Multi-Ethnic Study
f Atherosclerosis) (4) indicate that it is reasonable to use CAC for
isk stratification in intermediate-risk asymptomatic patients. Our
tudy followed 44,000 asymptomatic patients referred for CAC
canning for the occurrence of all-cause mortality, showing that
AC  0 portends an excellent prognosis with estimated 10-year
ortality of 1%. The confusion of asymptomatic versus clearly
ymptomatic patients, and clinical events versus angiographic
oronary artery disease, hampers the unbiased assessment of the
tility of CAC in the medical literature.
It is important to note that the conclusion in the editorial that
he Gottlieb et al. (1) paper presents a “starkly contrasting picture”
o a prior systematic review is based on a statistical error. In the
mall Gottlieb et al. (1) study, which considered CAC  0 as a
positive study,” the positive predictive value (PPV) and negative
redictive value (NPV) are calculated in exactly the opposite way
rom the large systematic review of over 10,000 patients by Sarwar
t al. (5). When calculated the same way, the NPV of 81% and
PV of 68% is not much different (accounting for population
ifferences, including exclusion of high CAC scores in CORE64)
han the NPV of 93% and PPV of 68% presented in the systematic
eview.
Once again, Bayes’ theorem is critical. Although CAC 0 may
ot definitively exclude important CAD in patients referred for
oronary angiography, there may be potential applications in
ower-risk patients presenting with atypical chest pain features.
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rognostic Value of a
ero Calcium Score? Ask Bayes!
n her recent editorial, Redberg (1) suggests that “a calcium score
CS) of 0 cannot be interpreted as a reassurance of the absence of
oronary artery disease (CAD).” While this statement is techni-
ally true, it is worthwhile to examine it further. In particular, the
re-test probability of CAD in the population under study is
ritical.
Gottlieb et al. (2) found that 14 of 72 symptomatic patients
19%) with a calcium score of 0 had at least 1 50% stenosis by
nvasive coronary angiography. However, this is in contrast to a
arger study of asymptomatic patients that found that only 10 of
15 asymptomatic patients (1%) with a CS of 0 had at least 150%
tenosis by computed tomography (CT) angiography (3). In this
symptomatic group, the negative predictive value of a CS score of
for a stenosis 50% was 99%. This adds gravitas to the excellent
rognostic outcome of a CS of 0 in asymptomatic individuals (4).
The role of CS, if any, appears to be in the reclassification of
symptomatic patients at intermediate risk for CAD by traditional
isk factor models. This has led to a Class IIb recommendation by
he American Heart Association for the use of CS in these patients
5). Further research is ongoing to study the effect of such
eclassification.
To challenge the efficacy of CS testing using results obtained
rom a cohort of patients in which it is accepted to have no
pplication (symptomatic patients with a consequent high pre-test
robability of obstructive CAD), and to apply the negative
onclusions of this challenge to all patients seems unfair. I think
ayes himself would agree.
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